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Study on the Magnesium Toxicity Inhibits Jasmonic Acid
Signaling Pathway and Increases Arabidopsis
Sensitivity to Meloidogyne incognita
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Abstract: [ Purpose] To study the changes of physiological processes in Arabidopsis under the
stress of magnesium toxicity and the change of sensitivity of Arabidopsis in response to Meloidogyne

incognita infection, and related molecular mechanisms. [ Methods | The poor nutrient culture medi-
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um vermiculite was used in pot experiments to conduct chlorophyll synthesis change analysis of Ara-
bidopsis under the stress of magnesium toxicity (15 mmol/L MgCl,), and to analyze the change in res-
istance or sensitivity of Arabidopsis to M. incognita infection. Through the transcriptome sequencing
strategy, the relationships between the up- and down-regulated genes of Arabidopsis under the stress
of magnesium toxicity was analyzed. Real-time fluorescence quantitative PCR (qPCR) were per-
formed to verify the expressions of genes with significant differences. [ Results ] Under the stress of
magnesium toxicity, the chlorophyll synthesis of Arabidopsis was significantly affected, the content of
chlorophyll in leaves with magnesium toxicity treatment was significantly or extremely significantly
lower than control (P<0.05 or P<0.01). Thirty days after inoculations, the numbers of females and
galls developed in roots of Arabidopsis under magnesium toxicity treatment were significantly higher
than control (P<0.05). It indicated that magnesium toxicity increased the sensitivity of Arabidopsis to
nematodes. Transcriptome sequencing data revealed eight up-regulated genes involving in amino acid,
carbohydrate, lipid, and vitamin metabolism, etc. And beyond down-regulated genes, there were five
genes simultaneously belonged to signal transduction pathway, and involving in the bio-synthesis of
jasmonic acid and the signal transduction of jasmonic acid mediate defense responses. Through qPCR
verifications using two independent internal control genes, the expression trend of genes with signific-
[ Conclusion ] The

stress of magnesium toxicity interferes with the normal physiological processes of Arabidopsis indic-

ant expression changes were consistent with transcriptome sequencing data.

ated through the chlorophyll synthesis, inhibits expressions of critical genes related to jasmonic acid
bio-synthesis and signal transduction, increases the sensitivity of Arabidopsis to M. incognita. Mag-
nesium may play an important role in the jasmonic acid mediated defense responses against M. incog-
nita.

Keywords: magnesium toxicity; Arabidopsis thaliana; jasmonic acid signaling pathway; Meloido-

gyne incognita
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Bl © 1A% 22 I 50 TR 28 %5040 o0 (hittps://bigd.
big.ac.cn/gsa, %55 : CRA003055),
1.5 ZRRIEFEH M) qPCR Kk

L] & Total RNA Kit I (Omega A Al ) #
B IT A RNA; il 3377 & Goldenstar™ RT6
cDNA Synthesis Kit (TsingKe 2\ 7l ) [ % 5% 3k 15
cDNA. 7 qPrimerDB %% 4} J& (https://biodb.swu.

edu.cn/qprimerdb/) H A IR AF40L B T 5L R AR 5 1Y)
qPCR 5191 (& D, 435I LL MONI F1 TIP41 fE
KNS HEH P, gqPCR S B Al ] 2xTSINGKE
Master Mix (TsingKe 2~ A )ik 7 , 7F ABI7500
Real-time PCR System (Applied Biosystem 23 w]) |
AT o ROV AR . 95 C WAEHE: 30 s;
95 C 21 55, 60 C HEVEAEM 30 s, 340 MF

&1 qPCREIESIH5%&
Tab. 1 List of primers used for quantitative PCR

FEH A RR GBS S51YIFF 51 (5'—3")
gene name primer name sequence

STS_qPCR_F CTCGAAATCAGAAGCGATGAAG
STS (AT4G01970)

STS_gPCR_R ACATGTTGATCAACCCTAGAGG

GMS_gPCR_F AGCGATGTGATTTGGAGAGTTA
GMS (AT3G01260)

GMS_gPCR_ R GTCACAGTGACTTCAAGTTTCC

PEN1_qPCR_F AGTAGAGGATGCAGCGAAAATA
PENI (AT4G15340)

PEN1_gPCR R AACTCTATACGATGCTCGACTG

PAP7_gPCR_F GTGTGACTCAAGAGCTTGTAGA
PAP7 (AT2G01880)

PAP7_gPCR R CAAGCAGTGATCATGTCCATTT

CCoAOMT7_qPCR_F GGTTGGTGGGATCATAGTGTAT
CCoAOMT7 (AT4G26220)

CCoAOMT7_gPCR_R AGGGTTGCTTTCTTGACTTCTA

TGA1 gPCR F CAACGTCTAGACATCCCGATAA
TGAI (AT5G65210)

TGAl gPCR R TTTCCAGTTGCTGAACATAAGC

PR1_gPCR_F GATTCCAATACATGTGCATGGG
PRI (AT4G33720)

PRI_gPCR R GACCATTGTTGCATCTCACTTT

TPS27 gPCR_F ACCTTCACCGTGGAACCATTGT
TPS27 (AT3G25830)

TPS27_gPCR_R AGACGGCTCTTCTTCTCATCATCA

MYC2_qPCR_F CGGATCAGGAGTACAGGAAAAA
MYC2 (AT1G32640)

MYC2_qPCR_R GAAAAACCATTCCGTATCCGTC

VSP1 qPCR F GGAGACCTTGCATCTATACGAA
VSP1 (AT5G24780)

VSP1_qPCR R CGTTTGGCTTGAGTATGAGATG

VSP2_gPCR_F CAAAGGACTTGCCCTAAAGAAC
VSP2 (AT5G24770)

VSP2_gPCR_R GTCTTCTCTGTTCCGTATCCAT

JZA9 gPCR_F CATGAGGTTAACGATGATGCTG
JZA9 (AT1G70700)

JZA9 gPCR R GGCATGAAACTTGAAGTAGCAA

JZA10_gPCR_F TCAGTTTTCCAAGTGTCTCGTA

JZA10 (AT5G13220)

POXI (AT3G30775)

A40C2 (AT3G25770)

RFS2 (AT3G57520)

MONI (AT2G28390)

TIP41 (AT4G34270)

JZA10_gPCR R
POXI gPCR F
POX1 gPCR R
AOC2_gPCR F
AOC2 gPCR R
RFS2 gPCR F
RFS2 qPCR R
MONI1 qPCR F
MONI_gPCR R
TIP41_gPCR F
TIP41_gPCR R

TACCGAAAGATCTGTCTCCATC
GAAGCGTTTATGAAGCTACTGG
ATGAGAGTTTGAAGTTCGGACT
CTTCTACTTCGGAGACTATGGC
TCATTAGCCAACCCTTTAAGGT
TGTTCCATAGTCTACACCCAAC
TATCACTGACATAGATTGCGCA
CAATGGAGGTTTATTGCGTGAA
CTTCCTCTCTCTCCATCGTAAC
TTTTGGCGAGAATGCATTAGTC
TTGCTCCTGAATTTCCATTGTG
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B3T3 HT 1 ] SPSS 13.0 9 ANOVA 7k,

2 GRG0

2.1 BEREFHIHIUFE ISR A R
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GRTESFENY CK M LYR A BE 2R, U
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SRR ITH SR G MBF R, TINAGE TR
(1.5 mmol/L) Jf- & A B E /e I ST K 1 &
B, FFEBEE AT EITENAEYAE ., BiE
AEFEZH (15 mmol/L MgCly) B T2 2R % = 15 ) 2%
B KT CK 41 (P<0.05 5 P<0.01), it
HIRMEETTE (15 mmol/L MgCly) w] #1148l 5 7+
MER AR, XL R TIE R I

25 WCK O1.5 mmol/L MgCl, O 15 mmol/L MgCl,

B 20}
P =
<)
E 3
:ﬂ\ﬂﬂ Eo 1.5 k% * *
pels ok
et ° 1.0 i
i
T Eos
= O

0

7 14 21 28
Ak B [E]/d

time of treatment

oo frees Rl R R R AP S CKAH L2 7 B 3%
(P<0.05) FIl B35 (P<0.01),

Note: “*” and “**” mean significant difference (P<0.05) and extremely
significant difference (P<0.01) at the same time, respectively.

E1 SSFEMFHNETHEREN
Fig. 1 Magnesium toxicity inhibiting the chlorophyll syn-
thesis in Arabidopsis
2.2 BEEETE NI RE T U MR 6 2k R BRI
W 2R B A (15 mmol/L
MgCl,) H2 PN Fo R KO 3648, MRRIE LAY R
SRCN 3056, p R T CKOARBE A ME R HUEL
(17+7) FIARZEEL (13£5),
2.3 HoR LI Fr R B B O I SR D Rk 22 5
P24 e SR AL e 5 e A 31 22 S R A R I
704>, Mo, Ik EIARYEEN 48 4>, Rk T
AFE 2240 b RIRZERE A 8 RN
HAT KEGG {ERAFE (% 2).

N
W

: W iR4YE galls O MERLIE females X

[SSINEN
[V

TS
W
S L O L © L O

average number

—_ = N N

15 mmol/L MgCl,
PGB LIEE]

treatment group

e Fon 5 CK AAHE2E 5 B3 (P<0.05).
Note: “*” means significant difference with CK treatment (P<0.05).

B2 SHFEEMIFEITIE GRS RERMERIF
Fig. 2 Effect of magnesium toxicity increasing on the sensit-
ivity of Arabidopsis to Meloidogyne incognita
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*2 B KEGG IRMERTRIELER
Tab. 2 Differential expressed genes with KEGG annotations

R HEH R FC 1o FC PH BRGNS R
accession No. gene name &2 P-value pathway No. description
B A
ath00941 flavonoid biosynthesis
N BEA A
ath00940 phenylpropanoid biosynthesis
AT4G26220 CCoAOMT7 4652 2218 3.92x10°° Eﬁ —ITRR PSRRI
ath00945 stilbenoid, diarylheptanoid and
gingerol biosynthesis
HNARRU
ath00360 phenylalanine metabolism
ath00052 ;ﬁ:\tf:: fjetabolism
AT3G01260 GMS 13.624 3.768 5.75x10°* .
BRI R
ath00010 :
glycolysis
i AL
N 5 (=}
FiEER AT4G01970 STS 6.626 2.728 7.05%10 ath00052 galactose metabolism
up-regulated gene . 35 20 A =G £ K
AT4G15340 PENI1 8.977 3.166 4.42x10° ath00909 sesquiterpenoid and triterpenoid
biosynthesis
§ FEBLRE A2
6
AT3G25830 TPS27 12472 3.641 1.32x10 ath00902 monoterpenoid biosynthesis
2 AR i
AT2G01880 PAP7 5.334 2.415 1.12x107° ath00740 fx;ﬂ\iitlﬁj .
riboflavin metabolism
MAPK {5 =il ¥
ath04016 MAPK signaling pathway
. YR S
21 AR
AT4G33720 PRI 38.512 5.267 3.15x10 ath04075 plant hormone signal transduction
T —I R HAE
ath04626 plant-pathogen interaction
s YR SHS
AT5G65210 TGAl 2319 1.213 1.03x10 ath04075 plant hormone signal transduction
. B
8
AT3G57520 RFS2 0.324 -1.625 2.79x10 ath00052 galactose metabolism
AT3G25770 A0C2 0.402 -1.316 9.52x107° ath00592 a-ﬂfﬁi.@ﬁﬁtlﬁ . .
alpha-linolenic acid metabolism
ek A= gy = WAL
6 A IR AR A
AT3G30775 POX1 0.242 —2.048 7.86x10 ath00330 arginine and proline metabolism
MAPKfE 5i
TR ath04016 MAPK si;;%rlfg pathway
down-regulated gene  AT1G32640 MYC2 0.342 —1.548 6.53x10°°
kD SRR
ath04075 . .
plant hormone signal transduction
AT5G24780 VSPI 0.029 -5.103 6.44x107 0016 MAPK/Z i
AT5G24770 VSP2 0.041 -4.603 1.65%10° MAPK signaling pathway
AT1G70700 JAZ9 0.275 —1.861 5.16x10° 204075 WY EE St
AT5G13220 JAZ10 0215 2216 1.47x10°° plant hormone signal transduction

WE: FC.2HMEAR BRI,

Note: FC. expression ratio of two groups of samples (fold change).
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Fig. 3 gPCR verifications for differential expressed genes
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